The objective of this paper is to measure health literacy in a representative sample of the Australian general population using three health literacy tools; to consider the congruency of results; and to determine whether these assessments were associated with socio-demographic characteristics. Face-to-face interviews were conducted in a stratified random sample of the adult Victorian population identified from the 2004 Australian Government Electoral Roll. Participants were invited to participate by mail and follow-up telephone call. Health literacy was measured using the Rapid Estimate of Adult Literacy in Medicine (REALM), Test of Functional Health Literacy in Adults (TOFHLA) and Newest Vital Sign (NVS). Of 1680 people invited to participate, 89 (5.3%) were ineligible, 750 (44.6%) were not contactable by phone, 531 (32%) refused and 310 (response rate 310/1591, 19.5%) agreed to participate. Compared with the general population, participants were slightly older, better educated and had a higher annual income. The proportion of participants with less than adequate health literacy levels varied: 26.0% (80/308) for the NVS, 10.6% (51 33/310) for the REALM and 6.8% (21/309) for the TOFHLA. A varying but significant proportion of the general population was found to have limited health literacy. The health literacy measures we used, while moderately correlated, appear to measure different but related constructs and use different cut offs to indicate poor health literacy.
INTRODUCTION
It is a paradox that increasingly complex demands are being made on the health consumer as a result of health care changes towards a more patient-centred care approach (Eysenbach and Kohler, 2002; Rees et al., 2002) . This approach emphasizes partnerships between patients and their clinicians, with an expectation that patients will take an increased role in decisions about their care and management of their health (Osborne et al., 2008) . To achieve Health Promotion International, Vol. 24 No. 3 doi:10 .1093/heapro/dap022 # The Author (2009). Published by Oxford University Press. All rights reserved.
For Permissions, please email: journals.permissions@oxfordjournals.org Advance Access published 16 June, 2009 this, it is assumed that patients will have a minimum level of health literacy, a term first coined in 1974 to refer to an individual's capacity to obtain, process and understand basic health information and services needed to make appropriate health decisions (Simonds, 1974) . This definition was significantly broadened by the World Health Organization in 1998 to encompass cognitive and social skills, emphasizing the individual's capacity to use the health information (World Health Organisation, 1998) .
Pleasant and Kuruvilla (Pleasant and Kuruvilla, 2008) describe public health literacy as an ability to select and evaluate health information from a variety of sources. Suboptimal levels of health literacy reduce the probability of achieving and maintaining good health (Weiss et al., 1992) . Therefore, it is critically important for health professionals to be aware of the health literacy levels of their patients, so that they can ensure that health information and instructions about their care are communicated effectively. To be able to set appropriate policies and provide relevant resources within the healthcare setting, it also follows that a comprehensive understanding of the prevalence of inadequate health literacy levels in the community is fundamental.
To date, a limited number of tools have been developed by health professionals in collaboration with literacy experts to measure health literacy in the clinical setting. These tools have focused only on print media, and, to a large extent, have been derived from literacy tests by changing the test materials to include health-related content. While literacy skills of listening, reading, writing and numeracy are of fundamental importance to basic health literacy, these tools encompass a limited data set in respect of providing health professionals with useful intelligence about what patients can and cannot do with the information they are given in the real world.
The most widely used health literacy tools include the Rapid Estimate of Adult Literacy in Medicine (REALM), which measures a person's ability to correctly pronounce common medical words and lay terms (Davis et al., 1991) ; and the Test of Functional Health Literacy in Adults (TOFHLA) derived from hospital materials to assess reading comprehension and numeracy skills . Suboptimal health literacy, as measured by these tools, has been shown to be associated with poorer health outcomes, independent of other socio-demographic factors (Dewalt et al., 2004) .
The aim of this study was to determine population health literacy levels, as assessed by the REALM, TOFHLA and Newest Vital Sign (NVS), of a random sample of the general population in Victoria (Australia); to consider the congruency of results; and to determine whether these assessments were associated with education, age, gender and/or other sociodemographic characteristics.
METHODS
Setting and study participants A random sample of 1680 people residing in Victoria, Australia were identified from the 2004 Australian Government Electoral Roll and invited by mail to participate in the study. Electoral enrolment is compulsory for all Australian citizens over the age of 18 years and elector extracts are available for use for approved medical research. Ten electorates were chosen, stratified by socio-economic status: eight metropolitan electorates (Higgins, Hotham, Holt, Bruce, Menzies, Scullin, Wills and Calwell) and two rural electorates (Bendigo and McEwen). Participants were stratified by age (10-year groups), gender and electorate (region). Using the online white pages, we obtained phone numbers for 1117 people (66%) and followed up, where possible, with a phone call by a trained interviewer/recruiter within a week of the letter being sent. Several phone calls were made at a variety of times of the day and week to maximize recruitment. An adult substitute from the same household was invited to take part as a replacement where the selected person either refused, was deceased or ineligible. Exclusion criteria were applied within the initial recruitment phone call and included inability to understand spoken and/or written English, visual impairment that would prevent reading, and/or cognitive impairment.
Consenting participants took part in a face-to-face interview with 1 of 10 trained interviewers at their home or at a neutral location near their home. The interview took approximately 1 h and consisted of both interviewer and self-administered questionnaires. Similar to our previous study , Health literacy in the general population 253 participants were not informed that we were studying 'health literacy' to reduce the risk of those with poor literacy skills declining to participate. They were informed that we were interested in finding out what health care information is understood by patients, and what is confusing to them as part of an overall plan to improve the written information that we provide to them. The study was approved by the Human Research Ethics Committees of Cabrini Hospital and Monash University, and all participants signed written informed consent.
Measures
Demographic and medical history data including age, gender, marital status, country of birth, primary language spoken at home, employment status, highest level of education completed, income, medical conditions, health insurance status and smoking status were collected using a self-report questionnaire. Sources of health information other than their doctor, and availability of Internet at home and frequency of use were also ascertained. Health-related quality of life (HRQoL) was measured using the assessment of quality of life (AQoL), an Australian generic utility tool with strong psychometric properties (Osborne et al., 2003; Whitfield et al., 2006) . It includes 12 items that cover independent living, social relationships, physical senses and psychological wellbeing which combine to give a utility score that ranges from 20.04 (worst possible HRQoL) to 1.00 (full HRQoL).
Rapid estimate of adult literacy in medicine
The REALM is a quick reading recognition test (it takes 1-2 min to complete), which measures a person's ability to pronounce 66 common medical words and lay terms that adult primary care patients are expected to recognize (Davis et al., 1991) . We changed the spelling of four words in the REALM to make it more appropriate for the Australian setting (behavior to behaviour, hemorrhoids to haemorrhoids, gonorrhea to gonorrhoea, and anemia to anaemia).
The raw score is the number of correctly pronounced words with the dictionary pronunciation taken as the scoring standard. This score is used to derive US high school grade range estimates as an approximation of literacy as shown in Table 1 (Davis et al., 1991) . The REALM has been shown to be a valid and reliable indicator of a patient's ability to read health-related materials with high test -retest reliability and a strong correlation with general literacy tests (Davis et al., 1991) .
Test of functional health literacy in adults
The TOFHLA assesses both reading comprehension and numeracy related to health care issues . The numeracy section consists of 10 prompts and 17 questions testing the ability to comprehend directions and instructions. The reading comprehension 50-item section consists of three passages based on commonly used hospital texts; every fifth to seventh word in a passage is omitted and four multiplechoice options are provided (Taylor, 1953) .
The TOFHLA was modified (with the authors' permission) to make it more appropriate for the Australian setting. We changed several prompts in the numeracy section so that they looked visually similar to Australian medicine bottle labels, altered passage B of the reading comprehension section so that it Indicates the possibility of limited literacy 4-6
Almost always indicates adequate literacy described applying for Sickness Benefits, a concept and term more familiar in the Australian setting, rather than 'Medicaid' (a program specific to the United States) and made some other minor changes to terminology so that it reflected the Australian vernacular. The reading comprehension section is scored from 0 to 50, with one point for each correct response. The numeracy section is also scored from 0 to 50, by multiplying the number of correct responses (out of 17) by 2.941. The sum of the reading comprehension and the weighted numeracy scores yields a TOFHLA score of 0 to 100. TOFHLA scores are categorized into adequate, marginal and inadequate functional health literacy as outlined in Table 1 . The TOFHLA has been shown to have high internal consistency and good correlation with other word pronunciation and reading recognition tests (Davis et al., 1991; Parker et al., 1995) .
Newest Vital Sign
The NVS was developed as a quick screening tool (3 min to administer), for the clinical setting to rapidly assess, using six questions, an individual's ability to read and apply information from a generic nutrition label for ice cream (Weiss et al., 2005) . The raw score (0-6) indicates the likelihood that the patient has limited health literacy (Table 1) . The NVS has been found to have good internal consistency and be strongly associated with the TOFHLA (Weiss et al., 2005) . It has been reported to have good sensitivity for detecting inadequate or marginal health literacy (72%) although its reportedly lower specificity may mean that it overestimates the proportion of people with limited literacy (Weiss et al., 2005) .
Sample size and analysis
In our previous study of health literacy in patients with rheumatoid arthritis, we found that inadequate, marginal and adequate functional health literacy measured by the TOFHLA was present in about 5, 4 and 91% of patients, respectively . Given that this work was undertaken in the private healthcare setting (where patients are known to be more highly educated), and in a socioeconomically advantaged area of Melbourne, the prevalence of inadequate and marginal health literacy was probably underestimated. In contrast, public hospital studies in the USA found the proportions are about 15, 35 and 50% Baker et al., 2002) . We therefore planned to survey 400 individuals (including 10% replacements) on the basis that this sample size would provide prevalence estimates at the 5% level assuming that the prevalence of marginal or inadequate health literacy is 35%. We expected a maximum response rate of 25% and so planned to identify approximately 1600 potential participants.
General descriptive statistics were calculated for demographic, health and literacy variables. Study population characteristics were compared with the 2004 Victorian population norms for age, gender, place of residence, highest education level completed, income and country of birth obtained from the Australian Bureau of Statistics National Regional Profile, 2000 -2004 (ABS cat. no. 1379 . Correlations between literacy outcomes were assessed using Spearman correlations. Regression models using scores from the health literacy tests, as the dependent variable were used to model predictors of literacy. Linear regression was used for the REALM and TOFLHA scores and ordinal logistic regression was used for the NVS scores. Independent variables were selected from demographic and health variables collected at the interview. Highest level of educational attainment, income level and frequency of home Internet use was fitted as continuous variables. Univariate associations were assessed first. Multivariable models were then assessed by including the predictors that were significant in the univariate models. A term was included in the least squares regression model if its coefficient was significantly different from zero at the 5% level and in the ordinal logistic regression model if the change in deviance after adding the predictor was greater than the 5% point of Chi-squared distribution with appropriate degrees of freedom. All statistical analyses were done using Stata 9 (Stata Corp 2006, College Station, TX, USA).
RESULTS
Of the 1680 people invited by mail to participate, 89 (5.3%) were ineligible (did not fulfil criteria or had moved address), 750 (44.6%) were unable to be contacted (no phone number Health literacy in the general population 255 or no response) and 531 (31.6%) refused participation (most frequent reasons: not interested, too busy, unable), leaving 310 people (response rate 310/1591, 19.5%), who agreed to participate and were interviewed, including 20 cases where an adult substitute from the same household participated instead of the person selected from the electoral roll.
Demographic and clinical characteristics of the participants are shown in Table 2 Over two-thirds of the study population had at least one chronic medical condition, most commonly arthritis and hypertension. More than three-quarters of the participants had home Internet access and half used the Internet at least once a week.
Depending upon the measure of health literacy, the proportion of participants with less than adequate health literacy levels varied: 25.9% (80/308) for the NVS, 13.2% (51/310) for the REALM and 6.8% (21/309) for the TOFHLA (Table 3) . Two hundred an eleven (68.5%) participants were classified at the highest literacy level by all instruments and 271 (87%) by at least two of the instruments. Seven participants (2.3%) were classified as having below optimal health literacy by all instruments (i.e. did not score a top level on any test). All three instruments were moderately correlated (Spearman correlation coefficients 0.49, 0.31 and 0.24, for TOFHLA and NVS, TOFHLA and REALM and NVS and REALM, respectively).
Results of the univariate regression analyses are shown in Table 4 and the final modelling results are given in Table 5 . Age and country of birth were significant univariate predictors for each health literacy score. Older age was associated with lower TOFHLA and NVS scores but higher REALM scores, while being born in a non-English speaking country was associated with lower scores on all three measures. More frequent home Internet use was associated with higher scores. Higher levels of education were positively associated with REALM and NVS scores.
After adjusting for age and country of birth type, frequency of home Internet use was significant for the TOFHLA and NVS scores. After adjusting for other variables, females scored higher than males on the REALM and those in higher income brackets scored better than lower income earners. There were univariate associations between scores for the literacy tests and the number of co-existing chronic health conditions. When age and co-existing chronic health conditions were both included in the models, the effect of the number of co-existing conditions was no longer significant. While frequency of home Internet use, income level and private health insurance status were all significant univariate predictors of scores for each of the tests, only home Internet use was retained in the multivariable models.
DISCUSSION
We found that depending upon the tool used in its measurement, a varying proportion of study participants were identified as having suboptimal health literacy levels. The TOFHLA identified 6.8% as having inadequate or marginal health literacy, while the REALM identified 10.6% with reading levels below the ninth grade. The NVS identified 26.0% of the study population as having either a high likelihood or a possibility of limited health literacy, although as indicated earlier, may overestimate limited health literacy (Weiss et al., 2005) . We found that older age was associated with lower TOFHLA and NVS scores but higher REALM scores. These findings are in keeping with previous studies of patient populations that have found older age to be associated with lower TOFHLA Baker et al., 1998; Williams et al., 1998; Schillinger et al., 2002; Gazmararian et al., 2003; Buchbinder et al., 2006) , but not REALM scores (Gordon et al., 2002; Buchbinder et al., 2006; Lindau et al., 2006; Sudore et al., 2006) . The lack of an association between age and the REALM may be explained by the possibility that as people get older they become more familiar with health-related terms resulting in an increased ability to pronounce the words correctly. Familiarity and pronunciation may facilitate de-coding, but to infer comprehension is open to question. Female gender was associated with better health literacy only when measured by the REALM in our study. This contrasts with other studies that have either found no association between low health literacy, measured by either the REALM or TOFHLA and gender (Paasche-Orlow et al., 2005) , or an association between female gender and better health literacy measured by the TOFHLA (von Wagner et al., 2007) .
It is likely that we have underestimated the true prevalence of poor health literacy in Australia for several reasons. Our response rate among the potentially eligible population was about one in five. Despite standardized rigorous protocols, we were not able to contact 44.6% of the individuals we identified from the 2004 Australian Electoral Roll, although of those we were able to contact over a third agreed to participate. These participants are likely to reflect a 'healthy participant' bias in that they were better educated and had higher incomes than the general population. This is consistent with other population-based surveys that have found non-respondents to be generally less educated (Woolf et al., 2000; Young et al., 2001) , have lower income (Huang et al., 2007) and lower literacy (Huang et al., 2007) . In addition, survey participation by age varies but it seems to be more common for the elderly to have higher response rates as was the case in our study. Clearly too, the method of recruitment is likely to have been biased towards recruiting those with better literacy skills. Those with poor literacy skills may have been prevented from participating as recruitment included an introductory letter that assumed an ability to read. Future studies should consider alternative recruitment methods such as neighbourhood assessments and telephone screening.
The three health literacy tools that we used assess different but related constructs and use different cutoffs for poor health literacy. They focus principally on literacy in a clinical setting and view poor patient health literacy as a problem that physicians have to overcome (Pleasant and Kuruvilla, 2008) . While the three tools were moderately correlated, substantial mismatch between tests was still observed. For example only 8 (38.1%) participants identified by the TOFHLA to have less than adequate health literacy also scored below the 9th grade on the REALM while 18 (90.0%) scored poorly on the NVS. Sixty-two (77.5%) participants who scored below 'almost always adequate health literacy' according to the NVS were identified as having adequate levels by the TOFHLA and 58 (72.5%) by the REALM. The discordance between the cutoff points to areas where further research is required.
A review of 85 studies with health data on 31 129 subjects based primarily on the TOFHLA and REALM, and drawn largely from clinical populations that included an overrepresentation of the socially disadvantaged in the USA, concluded that low health literacy affects approximately 26% of the US population (Paasche-Orlow et al., 2005) . Based upon the same tests, the prevalence of low health literacy in a general population sample in Australia was much lower (6.8 and 10.6% for the TOFHLA and REALM, respectively), but these data cannot be directly compared due to the differing study populations sampled. Our study design and population was more closely comparable to that of a recently published UK study (von Wagner et al., 2007) . As with our study, they assessed the health literacy of a random sample of the general population in face-to-face interviews using the TOFHLA, modified for the UK setting. Although they found a higher prevalence of inadequate or marginal health literacy (11.4 versus 6.8% in Australia), this may be due to differences between the study samples (e.g., the UK study sample included an overrepresentation of participants without formal qualifications while in our study those with higher education were overrepresented).
Our study results are in keeping with the results of the 2003 US National Assessment of Adult Literacy (NAAL) survey which included a health literacy assessment developed to reflect the broad definition of health literacy i.e. the degree to which individuals have the capacity to obtain, process and understand basic health information and services needed to make appropriate health decisions (Kutner et al., 2006) . They reported that the majority of adults (53%) had intermediate health literacy, about 22% had basic, 14% had below basic and 11% had proficient health literacy. The NAAL measure is not in the public domain so while this measure as described appears to have good face validity, we were unable to assess its comprehensiveness or content validity, and it is unclear whether any empirical research has assessed its construct validity and reliability.
Our Learning, 2007) . Health literacy in these surveys was defined as the knowledge and skills required to understand and use information relating to health issues such as drugs and alcohol, disease prevention and treatment, safety and accident prevention, first aid, emergencies and staying healthy. One hundred and ninety-one health-related items across the four domains of prose and document literacy, numeracy and problem-solving and relating to one of five health-related activities (health promotion, health protection, disease prevention, health care maintenance and systems navigation) were included. For each literacy domain, proficiency was measured on a scale ranging from 0 to 500 points and grouped into 5 skill levels (Level 1: 0-225; Level 2: 226 -275; Level 3: 276-325; Level 4: 326-375; Level 5: 376-500). Forty-five percent of Canadians and 43% of Australians achieved Skill Level 3 or above, regarded by the survey developers as the 'minimum required for individuals to meet the complex demands of everyday life and work in the emerging knowledge-based economy' (Statistics Canada, 2005) . Consistent with the findings of our study advanced age, lower educational attainment, poorer self-assessed health status, less social participation and being born overseas in a mainly non-English speaking country were all associated with poorer health literacy, while males and females achieved similar health literacy overall (Australian Bureau of Statistics, 2006; Canadian Council on Learning, 2007) .
The NAAL and ALL assessment tools, like the TOFHLA, REALM and NVS, purport to measure an individual's skill at performing health-related literacy tasks. While the direct measurement of an individual's literacy skills as applied to health-related materials may be of benefit for improving communication and decision-making between the individual patient and the health provider, the ability to enact real change across the health system is limited without functional tools for assessing the direct role and effects of health literacy on patient health outcomes. These health literacy tests are at best a proxy for health literacy. For example, while the NAAL appears more comprehensive than the tools used in this study, none of the available tools captures the more complex aspects of health system navigation, such as health beliefs, negotiation skills, self-efficacy skills and illness management, all of which may influence health literacy. Such information is necessary to engender changes at the policy level, lead to the development of effective interventions and potentially stimulate wider health care reform to ensure an equitable and accessible health care system for all patients.
Attempts to measure health literacy to date have been hampered by a lack of a consensual definition for the term (Baker, 2006) . Discussions about the measurement of health literacy have inevitably involved discussions of the meaning of health literacy (Kickbusch, 2001; Baker, 2006; Ishikawa and Yano, 2008; Nutbeam 2008) . As Nutbeam has pointed out, the concept of health literacy has simultaneously evolved from two differing perspectives-educational research into literacy, concepts of adult learning and health promotion, and from findings of clinical research studies that have observed that those with poorer literacy skills have poorer health outcomes (Nutbeam, 2008) .
Further studies are needed which look more closely at the construct validity of the various available measures and in particular the extent to which health literacy can indeed be separated from more general literacy and language ability Health literacy in the general population 259 measures. There are still gaps in our understanding of the multiple dimensions of health literacy, including how best to systematically measure it across the population, and identify what factors, both modifiable and fixed, may influence it. A better understanding of modifiable factors could lead to the development of a wide range of new and effective interventions.
